Objective: To analyze cancer incidence data in Beijing in 2014 and temporal trends for selected common cancers during 2005 and 2014.
Introduction
The fastest growing threat from non-communicable disease is considered to be the next health tsunami. As one of the major non-communicable diseases, cancer accounted for 1 in 6 and 1 in 4 deaths globally and China, respectively (1,2).
Besides, it has been estimated that in 2012, 14.1 million and 3.1 million new cancer cases were diagnosed globally and in China according to GLOBOCAN 2012 (2). The epidemiologic pattern of cancer in Beijing is consistent with patterns in China and the world. In 2014, cancer was the leading cause of death in Beijing, which accounted for 27.1% of total deaths (3) . Burden of disease from cancer is becoming one of the major public health issues. To resolve this issue, understanding the epidemiologic pattern of cancer, especially its temporal trend in recently years, should be the first step. Beijing Cancer Registry (BCR) is a population-based cancer registry, which was set up to collect and manage cancer data of residents in Beijing. It fills the data gap of cancer incidence and prevalence in Beijing, and can be used to study the epidemiological distribution of cancer and survival patterns of cancer patients in Beijing temporally and spatially. In this article, we provide cancer incidence data of Beijing in 2014 overall by gender, age group, cancer site and geographical area.
Materials and methods

Data source
The BCR enrolls all cancer cases from secondary and tertiary hospitals in Beijing and the data of demography, diagnoses and survival are collected. It covers about 13 million residents in Beijing.
All cancer cases were further classified according to the International Statistical Classification of Disease and Related Health Problems 10th Revision (ICD-10) and International Classification of Disease for Oncology 2nd edition (ICD-O-2) (if it was not applicable for some cases with specific histological categorization, ICD-O-3 was used). The cancer data included in this paper were all malignant neoplasms, which were coded from C00-C96 under ICD-10. The rules for defining multiple primary cancer followed the International Rules for Multiple Primary Cancers (ICD-O Third Edition) (4) . Benign brain and central nervous system tumors and in situ cancers were excluded from this analysis.
We used the rule from International Agency for Research on Cancer/International Association of Cancer Registries (IARC/IACR), which defines the date of admission to a hospital as the incidence date. All incidence dates from 1st January 2014 to 31st December 2014 were included in this analysis and were used to calculate incidence rate of cancers in 2014. The database only includes permanent residents in Beijing. Urban areas include 6 districts, which are Dongcheng, Xicheng, Chaoyang, Haidian, Fengtai and Shijingshan District. The rest 10 districts are categorized as rural areas, which are Mentougou, Fangshan, Daxing, Huairou, Shunyi, Changping, Pinggu, Tongzhou, Yanqing and Miyun
District.
Information of population composition by the sex and age groups in 2014 was provided by the Beijing Municipal Bureau of Public Security.
Quality control
The data of new cancer cases were collected from the Health Information System of hospitals online passively, and re-abstracted actively. In each hospital, 1-2 part-time registrars were employed and trained to help collect data. All original data were checked by the BCR and the data quality was further evaluated by the percentage of morphology verification (MV) (%), the percentage of death certificate-only (DCO) (%) and the mortality to incidence ratio (M/I) based on the quality standard developed and described in the Chinese Guideline for Cancer Registration and the quality standard of "Cancer Incidence in Five Continents Volume IX" by IARC/IACR (5,6).
Statistical analysis
The cancer incidence rate was calculated in strata by sex, age group and area (urban and rural). The population composition of China in 1982 and Segi's population structure (7) were used to calculate China and world agestandardized rate respectively [the age-standardized incidence rate by Chinese standard population (ASIRC) and by world standard population (ASIRW)]. The cumulative risk of developing cancer before 75 years old was calculated as the sum of age-specific incidences multiplied the interval between each two age groups. The annual percentage change (APC) in incidence rate was calculated by Joinpoint Regression Program (8) for the top ten common cancer types by sex. Data quality checking, evaluation and calculation were done with the IARC/IACR Cancer Registry Tools 2.05 (9) and Microsoft Excel 2016.
Results
Data quality
The overall data quality indicators, including MV%, DCO% and M/I, were 72.15%, 0.94% and 0.54, respectively. For males, they were 66.98%, 1.15% and 0.64, respectively, while for females, 77.40%, 0.74% and 0.44, respectively. For urban areas, they were 73.71%, 1.10% and 0.53, respectively, and for rural areas, 69.04%, 0.65% and 0.57, respectively.
Incidence
The cancer incidence in Beijing in 2014 by sex and area is shown in Table 1 . Briefly, there were 45,300 newly diagnosed cancer cases in 2014 in Beijing, equivalent of about 5 newly diagnosed cancer patients every hour. The crude incidence rate of all cancer combined was 341.92/100,000 (343.50/100,000 for males and 340.33/100,000 for females). The ASIRC in 1982 was 143.48/100,000 (139.28/100,000 for males and 149.02/100,000 for females). The ASIRW was 182.99/100,000 (181.13/100,000 for males and 186.66/100,000 for females). The crude incidence rate, ASIRC and ASIRW were all higher in urban area than in rural area. However, after age standardization (ASIRC or ASIRW), the incidence rate for males in rural area is higher than that in urban area. The cumulative incidence rate for cancer before 75 years was 20.61%.
Age-specific incidence rate
The age-specific incidence rate for Beijing in 2014 by sex is shown in Figure 1 . The age-specific incidence rate was relatively low before 25 years old, while then increased significantly to the peak at the age group of 80-84 years. The pattern of age-specific incidence rate was similar in males and females. However, in the groups aged 15-59 years, the age-specific incidence rate was higher in females than in males for total cancer, while the pattern for males and females was opposite in the groups aged over 60 years old.
Top ten leading cancer types for the new cancer cases
The top ten cancer types and their incidence rates overall and by sex and area are shown in 
Trends in top ten cancer types
The trends of top ten cancer types in Beijing between 2005 and 2014 by sex are illustrated in Table 5 , Figure 2 and Figure 3 . Decreased trends for liver cancer were observed in males and females, with the APC of -2.22% and -3.48% respectively. The incidence rate of esophageal cancer also decreased significantly in the last ten years for males and the APC was -3.87%. The incidence rate of thyroid cancer showed a significant increase for both sex groups, the APC for males and females were 25.61% and 22.81%, respectively. Additionally, incidence rates of both colorectal cancer and kidney cancer slightly increased for both sex between 2005 and 2014. However, the incidence rate for lung cancer was relatively stable for males, and slightly increased for females with the APC of only 0.85% for the past decade. The incidence rates of prostate cancer increased approximately 6.72% per year and around 2.15% reduction of incidence rate per year for stomach cancer was observed for males. The incidence rates for lymphoma and bladder cancer were stable between 2005 and 2014. For females, incidence rate for breast cancer, uterus cancer and cervix cancer increased, while the incidence rate for ovary cancer and stomach cancer was relative stable over the past ten years.
Discussion
BCR is a population-based cancer registry which is aiming to understand the epidemiologic pattern of cancer and improve cancer prevention in Beijing areas. High quality cancer statistics generated from cancer surveillance system could help the policy-makers, researchers and oncology clinicians to understand the huge burden of disease from cancer and its temporal and spatial variations, and finally develop effective strategy to prevent cancers. In 2014, 144 secondary and tertiary hospitals reported new cancer cases to BCR. There were 45,300 newly diagnosed cancer cases in Beijing in 2014. And the crude incidence rate and ASIRW are 341.92/100,000 and 182.99/100,000, respectively. Compared to other high urbanized area in China, the ASIRW was slightly lower in Beijing in 2014 (10) . Epidemiologic pattern of cancer in Beijing was different from national pattern of China, though lung and breast cancer are both leading cancer types for males and females in Beijing and overall China. However, incidence rates of some digestive system cancer, such as liver, esophagus and stomach cancer in China are 2-4 folds higher compared to Beijing areas, while incidence rates of prostate cancer for males and breast cancer for females in Beijing areas are higher than national incidence rates of China. The ASIRW for thyroid cancer in Beijing was more than two times compared with national data. In addition, urinary system cancers in Beijing areas were more prevalent than overall China, for example, the renal cancer is the top ten cancers in both sex groups in Beijing in 2014 and bladder cancer incidence rate for males in Beijing was higher than that in other areas. For female genital caner, the incidence rate of cervix cancer in Beijing was lower than that of general population in China, however, for uterus and ovary cancer, it was higher in Beijing (11, 12) .
The ASIRW of liver cancer in Beijing was less than half of national incidence rate and has been kept decreasing for the last decade (12) . Hepatics B infection has been proven to be the most important risk factor of primary liver cancer. Three sero-epidemiological studies of hepatitis B prevalence among general population in Beijing were in 2014 (13, 14) , which was attributed to planned immunization. And it is considerably lower in Beijing than in the national level, which were 9.75% in 1992 and 7.18% in 2006 and it may result in differences in liver cancer incidence (13, 14) . The ASIRW was higher in urban areas than in rural area and this is consistent with pattern identified in national studies (12) . Comparing patterns in urban and rural areas in Beijing, incidence of liver cancer and lung cancer was higher in rural area than in urban area for both sex groups. Besides, incidence of esophagus cancer and stomach cancer was higher in rural area for males in Beijing compared to urban area.
The ASIRW for all cancers in females was higher than that in males in Beijing. The urban areas shared the same pattern, while it was opposite in rural area. The incidence rates for most types of cancers increase with age. The agespecific cancer incidence rate is low for both females and males before 25 years old. Before 55 years old, the incidence for females is higher than that for males and after that age the pattern is opposite. One of the possible reasons for that is the age of diagnosis of cervix cancer and breast cancer for females is younger than other types of cancers, such as breast cancer for females, after 40 years old, the incidence rate increases fast. And after 55 years old, the cancer incidence rate for males has a rapid growth and becomes higher than that of females because of higher prevalence of cancer related risk factors, such as tobacco use and alcoholic beverage intake.
Tobacco smoking was classified into Group 1 carcinogens to humans by IARC. It has sufficient evidence (17) . Thereby, intensified efforts are still needed for tobacco control. Besides smoking control, other effective lifestyle interventions on reducing consumption levels of alcoholic beverages and very hot beverage, pickled vegetables and processed meat along with controlled infection of helicobacter pylori could lead to decreased incidence rates of esophagus and stomach cancer.
With the westernized lifestyles and rapid urbanization, the pattern of cancer incidence in Beijing is becoming more closed to western countries in recent years. For example, the ascending trend of incidence rates of colorectal cancer and breast cancer observed in Beijing is similar to western countries. These may be partly due to higher fat, lower fiber intake and increased sedentary behaviors.
The incidence of thyroid cancer has the fastest growth in both females and males for the last decade and it has already become the third most common cancer for females and ninth for males. This rapid growth was also discovered in other provinces of China, especially in urban area (18) (19) (20) (21) (22) . However, the mortality rate for thyroid cancer was stable (11, 12, 23) . The possible reasons include widespread use of the modern imaging technologies and fine-needle aspiration biopsy or cytology in thyroid cancer detection and sensitivity improvement of inspection equipment, such as neck ultrasound, which allow more micro carcinoma were detected than before. Additionally, with the improvement of health consciousness, more and more people choose to participate in the annual health check including examination of neck ultrasound. But on the other hand, some researchers believed that personal exposure to risk factor also leads to the increasing for the incidence of thyroid cancer, including radiation exposure, diet, obesity and other life style factors. All of these contributors need to be taken into account to strategy development for thyroid cancer related prevention and control. We need to find the balance between over-diagnosis and effective management of thyroid cancer (23, 24) .
Cancer screening program may influence the cancer incidence too. Cervical and breast cancer screening program for female residents aged 35-64 years was implemented in Beijing since 2009. That maybe contributes to the slight increasing for those two cancers. Subsequently in 2012, two more cancer screening programs were launched in Beijing for five most common cancers including liver, upper digest tract, colorectum, breast and lung cancer. However, it is limited to small sample size and duration of time, and it is hard to identify the influence on cancer incidence at present. Additionally, the HPV vaccine has been approved in Beijing and used in general practice at the end of 2017, which might also have an effect on incidence of cervix and other genital system cancers in the future.
Rapid aging and population growth along with agespecific incidence increasing will still lead to rising disease burden of cancer in the foreseeable future. To address this issue, the government should assure cancer patients can get access to optimal health care, at the meantime, risk factor oriented intervention and early detection of cancer for high risk population should be strengthened.
